Scheme S1: The synthetic route to PFBDB-T. To a solution of 2,7-Dibromo-4,4,9,9-tetraoctyl-4,9-dihydro-s-indaceno[1,2-b:5,6-b']bisthiophene 1 (2.20 g, 2.52 mmol) in THF (150 mL) at -50 °C was added a solution of lithium diisopropylamide (LDA) (5.0 mL of a 2 M solution in THF/heptanes/ethylbenzene, 10.0 mmol) dropwise. The mixture was stirred for 1 h at this temperature, and then warmed to RT for overnight. After the mixture was cooled to 0 °C, anhydrous DMF (1.1 mL) was added dropwise and stirred at this temperature for 30 min. Then the mixture was allowed to warm to RT for 1 h and water (200 mL) was added and extracted (3 × 200 mL DCM). The combined organics were dried by MgSO 4 , filtered and concentrated under reduced pressure. The residue was purified by silica gel chromatography (eluent: DCM/hexane = 1/2) to afford a yellow green solid (1.76 g, yield: 76%). 1 Ethyl mercaptoacetate (0.72 mL, 6.56 mmol) was added dropwise to a mixture of compound 2
(1.52 g, 1.64 mmol), K 2 CO 3 (1.35 g, 9.82 mmol) in DMF (100 mL) at 70 °C (oil bath). After addition, the mixture was stirred at this temperature for 20 h, and then poured into water (300 mL) and extracted with DCM (3 × 100 mL). The combined organics were dried by MgSO 4 , filtered and concentrated under reduced pressure. The residue was purified by silica gel chromatography (eluent: DCM/hexane = 3/2) to afford a yellow solid (1.10 g, yield: 69% A solution of Br 2 (0.67 mL, 13.00 mmol) in CH 2 Cl 2 (20 mL) was added dropwise to a solution of compound 8 (3.90 g, 11.80 mmol) in CH 2 Cl 2 (50 mL) at 0 °C in the absence of light and stirred at this temperature for 0.5 h. The reaction was allowed to warm to RT and stirred for 2 h. A saturated Na 2 SO 3 solution (20 mL) was added. Tributyl(thiophen-2-yl)stannane (10 μL) and 2-bromothiophene (10 μL) were added successively at a time interval of 12 h to end-cap the end groups, respectively. The polymer was precipitated in methanol (100 mL), and filtered through a Soxhlet thimble. The polymer was extracted using Soxhlet apparatus with methanol, acetone, hexane and chloroform. The chloroform solution was concentrated in vacuo and re-precipitated into methanol. Vacuum filtration followed by drying under vacuum afforded a dark puple solid (252 mg, yield: 85%). Table S4 . It should be stressed that the band mobilities given in that would be relevant for the rate of transport in a device. The presence of exponential tails in the density of states will reduce the effective mobility by an amount that depends on the density of tail states, the characteristics energy of the tail and the charge carrier density.
Because and vary, in principle, between different materials the ratio of effective mobilities will differ, in general, from the ratio of band mobilities.
To interpret the parameters in terms of an effective mobility, , under solar cell operational conditions we first point out that band and actual mobilities can be related by
where is the electron density at the conduction band and n the total electron density. The ratio of effective mobilities in D1:A1 and D2:A2 is then given by 
Where the Fermi-Dirac occupation function is approximated by a Boltzmann function (E-E F >> kT). Evaluating these integrals, and taking the the ratio of the charge densities then gives
The ratio of the effective mobilities of D1:A1 and D2:A2 will thus depend on the relative level of injection (value of n) in the two cases. To fix the relative injection levels, we shall assume that the electron quasi Fermi levels are the same. This should be a fair assumption near the operating point of a solar cell, provided that the operating voltages are similar.
In the case that is the same in both blends, we find that depends only on U and kT. Now, since the characteristic tail energy is the same in both cases for the systems we when is the same in both blends.
For the systems D1:A1 and D2:A2, since 02 > 01 , the effective electron mobility in D2:A2 is higher than the effective electron mobility in D1:A1 when electron Fermi levels are similar relative to conduction band level. Additionally, since in this case the operating voltages for ITIC and C8-ITIC exhibit a diffraction feature around q≈0.2 A -1 , presumably originating from the aggregation along out-of-plane direction with apparent domain spacing d≈3.14 nm.
